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ATTORHKT DOOOBT NOt 04553/135001 

The present invention is related generally to 
ecombinant DNA technology. More particularly , the present 
invention is related to the construction of novel 
5 baculovirus transfer vectors for efficient expression of 

foreign genes and to the construction of novel baculoviruses 
expressing herpes simplex virus (HSV) glycoproteins gG-1 and 
gG-2. 

pacKgroynd Q f the invention 

10 Baculovirus ( Autoarapha californica ) has been used 

for the expression of foreign proteins f Luckow et al . 1988, 
Biotech. 6:47-55; Luckov et al . 1989 Virol. 170: 31-39). 
However, a consistent level of foreign gene expression 
approaching that of the native polyhedrin has not been 

15 achieved by heretofore constructed baculovirus systems. 

^MTrnnary of the invention 

It is, therefore, an object of the present invention 
to provide a novel gene transfer vector that enables the 
construction of recombinant baculoviruses, the DNA sequence 
20 of which mimics the 5 1 nontranslated leader sequence of the 
wild-type baculovirus polyhedrin gene, whereby the 
expression efficiency of the foreign gene approaches that of 
the wild-type polyhedrin gene. 

It is another object of the present invention to 
25 obtain isolated, substantially pure, HSV glycoproteins, 
gG-1 and gG-2, from insect cells infected with the 
baculovirus expression systems of the present invention. 

It is a further object of the present invention to 
provide baculovirus-expressed antigens for HSV 
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serodiagnostic tests differentiating between HSV-1 and HSV- 
2 antibodies* 

An additional object of the present invention is to 
provide a diagnostic kit for performing type-specific 
serologic tests to detect HSV infection, 

A still further object of the present invention is 
to provide a composition, comprising inununore active amount 
of HSV glycoprotein G in a pharmaceutical ly acceptable 
carrier. 

Other objects and advantages will become evident 
from the following detailed description of the invention. 




0~ 



15 



20 
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Brief Description of Drawings 
The above and other objects, features and nfiny of 
the attendant advantages of the invention willylie better 
understood upon a reading of the following 
description when considered in connect ioiywith the 
accompanying drawing wherein: 

Fig. 1 (A) shows synthetic oligomers used in the 
construction of the baculovirus xfene transfer vectors and 
the gG-1- and^cfG-2 -express ing^ecqmbinant baculoviruses . As 



iG-2 -express 
described herein, oligodu 



ng^recombinant baculoviruses . 
AB^was^used in the 



construction qfpPP-2 ,/6ligodupl«x V7^in pAcDSM, 



AcDSMgG-1, and oligoduplex 




oligoduplex SP3 4^ii 

AcDSMgG-2. Relevant restriction endonuclease sites are 

indicated. tEf) Schematic representation of the method of 

inserting^ foreign gene into the transfer vector pAcDSM. 

(C) Coirfparison of nucleotide sequences in the 5* non 

traijsflated region of the wild type baculovirus f AcNPV). and 

Cs£<g now) ^^'.y K - 

recombinant viruses Ac373 •gG-l^and AcDSMgG-^ 
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Extraneous nucleosides relative to the wild type polyhedrin 
sequence are J?e»xed. 

Fig. 2 demonstrates DNA hybridization analysis/of 
recombinant baculoviruses. (A) Analysis of Ac373«^G-l 
Whole cell DNA extracted from Sf9 cells infected/with AcNPV 
(lanes 1) or Ac373«gG-l (lanes 2), and DNA of/the 
recombinant transfer plasmid pAc373 'gG-1 Hkanes 3) were 
digested with Sail, separated in 0.8% agarose gels, blotted 
bidirectionally to nitrocellulose membranes, then hybridized 
with the indicated probes. A phonograph of an ethidium 
bromide stained gel is included^f or reference. (B) and (C) , 
analysis of AcDSMgG-1 and AcDsMgG-2 , respectively. The 
experiments were as in panel A with the substitution of the 
recombinant virus in lanes 2 (AcDSMgG-1 and AcDSMgG-2, 
respectively) and the recombinant transfer plasmid in lanes 
3 (pAcDSMgG-l andpAcDSMgG-2 , respectively). Polyhedrin- 
gene f lanking/rragnents are marked with empty triangles. 
The fragmeiit containing the polyhedrin gene is marked with 
full triangles. Fragments carrying gG-1 or gG-2 are 
indicated with arrows. The size standard is a Hindi 1 1 
Cgest of phage lambda. . 
ty J ~~~2^> Fig. 3 shows the synthesis and processing of 

baculovirus expressed gG-1. (A) Immunohltf€s of proteins 
extracted at 100 h p.i. (hours postinfection) from equal 
numbers of (Ac373'gG-l, AcDSMgG^and AcNPV) infected or 
uninfected Sf9 cells were separated by SDS-PAGE in 11% gels, 
transferred to nitrocellulose membranes, then reacted with 
the indicated antibodies. (B) Quantitative comparison of 
the* amount' of^gG^i expressed in- Sf-9 • eel Is by the • • 
recombinan^Ac373'gG-l and AcDSMgG-1. Cell extracts 
treatedKas in A vere 4-fold-serially diluted in 0.01 M PBS 
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(pH 7.4), bound to a nitrocellulose membrane using a s*6t 
blot apparatus, and reacted with gG-l specific moncj^lonal 
antibody (H1379) . (C) Time course of the syntl^sis of gG- 
1 in Ac373'gG-l and AcDSMgG-1 (Lanes a and irrespectively) 
infected Sf9 cells. Cells were harvested/^t the indicated 
times, treated as in A and reacted witjr'a HSV-l-positive 
human serum specimen. (D) Immunoblot of proteins extracted 
from Sf9 cells infected with AcDS*£gG-l grown in the presence 
(+) or the absence (-) of 3 ug/ml tunicamycin from 24 h p.i. 
until 54 h p.i. Blots wer^/reacted with gG-l specific 
monoclonal antibody (n\Z19) . (E) Immunoblot analysis of 
proteins extracted fr-om Sf9 cells infected with AcDSMgG-1 
and from HEp-2 ceils infected with HSV-l(F). The positions 
of the molecular mass standards are shown on the side of 
each panel, v(myos in, 200 kDa; 0-galactosidase 116.3 kDa; 
phosphoryZase B, 97.4 kDa; bovine serum albumin, 66.2 kDA; 
ovalbujirfn, 42.7 kDa; and carbonic anhydrase, 31 kDa). In 
all fcne panels the apparent molecular mass of bands 
discussed in the text (arrows) is indicated. 

Fig. 4 shows the synthesis and processinjy^of 
"baculovirus expressed gG-2. (A) Immunoblot^'of proteins 
extracted at 100 h p.i. separated in a a%^SDS-PAGE gel then 
transferred to nitrocellulose and r^€fcted with the indicated 
antibodies. (B) Time course ofthe synthesis of gG-2 in 
AcDSMgG-2 infected Sf9 ceUs; Proteins extracted from cells 
harvested at the times^arfidicated were treated as in A, then 
reacted with gG-2-^f^cif ic-monoclonal antibody (H1206) . (C) 
Immunoblot of proteins extracted from Sf9 cells infected 
with AcDSMcp3^2 grown in the presence (+) or the absence (-) 
of 3 Mg/i*l tunicamycin from 24 h p.i. until 54 h p.i. Blots 
wer^^eacted with gG-2 specific monoclonal antibody (H1206) . 
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(D) Inununoblot analysis of proteins extracteji^f^om Sf9 
cells infected with AcDSMgG-2 and froj^HEp^ cells infected 
with HSV-2 (G). In all the papea^Tthe apparent molecular 
mass of bands discuss^d-^tnthe text (arrows or triangles) is 
indicated, Jtoledllar mass standards, on the side of each 
panel, ^p^as described in Fig, 3, 

Fig. 5 shows the inununoblot analysis of the 
type-specificity of the reaction of human serum specimens 
with AcDSMgG-1- and AcDSMgG-2-inf ected-Sf 9 -£eil extracts. 
Proteins were separated by SDS-PAGE in^ar^il% gel, 
transferred to nitrocellulose, thej^reacted with serum 
specimens known to be HSV-1 ppsltive and HSV-2 negative (A) , 
HSV-1 negative and HSV-2ptfsitive (B) and low positive titer 
to both HSV-1 and HSy^l\ Bands considered to be diagnostic 
for HSV-1 specifitfreactivity are indicated with empty 
triangles, and those for HSV-2 with full triangles. 
ElectropKoretic conditions and molecular mass standards were 
as jzor Fig. 3. 



Detailed Description of the Invention 
20 The above and various other objects and advantages 

of the present invention are achieved by a transfer vector 
which enables juxtaposition of a foreign gene desired to be 
expressed, with the baculovirus polyhedrin gene precisely at 
the translation initiation site without missing any 
25 nucleotide present in the 5 1 region of the wild-type 

polyhedrin gene or without adding any extraneous nucleotides 
at said translation initiation site. A recombinant 
bacuidvirus constructed* with this transfer vector 'expressed 
the foreign gene at a higher level than the recombinant 
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baculovirus constructed using a vector that has extraneous 
nucleotides in the above mentioned 5* region. 

Two baculovirus gene transfer vectors were 
constructed: (1) pPP-2 and (2) pAcDSM. pPP-2 can be used 
5 to construct gene fusions at any of the three reading 
frames. It is noted that after construction of the 
expression cassette in pPP-2, the reconstructed gene must be 
transferred to another baculovirus gene transfer vector to 
acquire the flanking sequences necessary for insertion into 

10 the baculovirus genome. 

pAcDSM, on the other hand, allows the construction 
of recombinant baculoviruses with the 5 1 nontranslated 
leader sequence of the polyhedrin gene joined at the coding 
region of the foreign gene precisely at the translation 

15 initiation codon, with no missing or extraneous nucleotides. 
No similar vector has heretofore been made or described. - 

It is noted that the designations AcDSMgG-1 and 
AcDSMgG-2 refer to recombinant baculoviruses which express 
gG-1 and gG-2 glycoproteins of HSV types 1 and 2, 

2 0 respect i ve ly . 

Unless defined otherwise, all technical and 
scientific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
which this invention belongs. Although any methods and 

25 materials similar or equivalent to those described herein 
can be used in the practice or testing of the present 
invention, the preferred methods and materials are now 
described. All publications mentioned hereunder are 
incorporated Kereln by re'ftereride. Unl€ds mentioned * • 

30 otherwise, the techniques employed or contemplated herein 
are standard methodologies well known to one of ordinary 
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skill in the art. The materials , methods and examples are 
illustrative only and not limiting. 

The term "substantially pure" protein as used herein 
means that the protein is obtained in as pure a form as is 
5 necessary for the purpose for which it is to be employed by 
using conventional isolation and purification techniques 
well known to one of ordinary skill in the art and is free 
from undesirable impurities or contaminants. 

The term "foreign gene" as used herein means a 

10 heterologous gene that is desired to be expressed by the 
recombinant baculovirus of the present invention. 

Materials and Methods 
Cells and Viruses . AcNPV f Autoarapha californica 
nuclear polyhidrosis virus) and recombinant baculoviruses 

15 were grown and assayed in a continuous ovarian cell line 

(Sf9) derived from Spodootera fruainerda (fall armyworm) as 
described by summers and Smith, Texas Agricultural 
Experiment Station Bulletin No* 1555, 1987. Sf9 cells (ATCC 
No. CRL 1711) were obtained from the American Type Culture 

20 Collection (Rockville, MD) . Wild type AcNPV and the gene 
transfer vector pAc373 ( Smith et al Proc. Natl. Acad. Sci. 
U.S.A. 82:8404-8408, 1985) were obtained from Dr. Max 
Summers (Texas A&M University; College Station, Texas) . 
HSV-l(F) and HSV-2(G) ( Eiercito et al . 1968) were obtained 

25 from Dr. Bernard Roizman (University of Chicago, Chicago, 
Illinois) and grown and propagated as described (Morse et 
Si, 197^1 . Monoclonal antibodies specific for gG-1 (H1379) 
( Lee et al . 1986) and specific for gG-2 (H1206) fLee et al. 
* 1985) were* obtained from Dr. Lehore Pereira (University of 

30 California at San Francisco, San Francisco, California) . 
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DNA manipulations . DNA manipulations were carried 
out as described by Maniatis et al. 1982. Restriction 
endonucleases and T4 DNA polymerase were purchased from New 
England BioLabs (Beverly, MA) , Mung bean exonuclease from 
5 Pharmacia LKB Biotechnology Inc. (Piscataway, NJ) , and T4 
DNA ligase from Boehringer-Mannheim Biochemlcals 
(Indianapolis, IN) . Oligonucleotides were synthesized in a 
model 380 DNA synthesizer from Applied Biosystems (Foster 
City, CA) . 

10 construction of modified gene t ransfer vector pPP-2. 

pPP-2 was constructed by digesting pUC8 with Narl, filling 
in the overhanging 5 1 nucleotides using T4 DNA polymerase, 
then self ligation, resulting in the elimination of tha Nari_ 
0^ site generating pPP-1. A synthetic oligoduplex AB^JFig. 1A) 

15 was ligated between the EcoRI and Hindlll sites eft pPP-l f 
to obtain pPP-2. 

pAcDSM . pAc373 was digested to completion with Sail 
and Kpnl. The DNA fragment spanning the region between 3.18 
and 4.43 kbp in the coordinate system of Summers and Smith, 

20 1987, supra . was purified from agarose and inserted into 
pUC19 which had previously been digested with the same 
enzymes. The resulting plasmid (pDMl) was linearized by 
digestion with Aval. After PEG precipitation (Sadhu and 
Gedamu, BioTechniques, 6:20-21, 1988), 5 » overhanging 

25 nucleotides were removed by digestion, with 150 units oJf Mung 
bean exonuclease/ug of DNA to obtain blunt ends, followed by 
^ Kpnl digestion. A synthetic oligoduplex, V78/^(Fig. 1A) , was 

inserted between the Kpnl site and the blunt end (nucleotide 
-9 of the *5 #l leader" sequence* of the polyhedrin g£n£) • of pDMl 

30 to obtain pDM2. The fidelity of the construct was checked 
by nucleotide sequencing using primers flanking the cloned 
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fragment. pDM2 was digested with EcoRV and KpnI. The 
resulting 118 bp fragment was ligated to pAc373 previously 
digested with the same enzymes to obtain the transfer vector 
pAcDSM . 



vectors. For convenience f the nucleotide sequence 
coordinates reported for the genomic sequence of HSV-1 
strain 17 f McGeoch et al . J. Gen. Virol. 69: 1531-1574 , 1988) 
and for the Hindi II L fragment of HSV-2 strain HG52 (McGeoch 

10 et al . J. Gen. Virol. 68:19-38, 1987) are used throughout 
this application. HSV-1 strain F (HSV-1 (F)) and HSV-2 
strain G (HSV-2 (G) ) DNAs were separately digested to 
completion with BamHI and shotgun cloned into pUC19. 
Plasmids carrying HSV-1 (F) BamHI J (pHlF-110, nucleotides 

15 136285 to 142742) and HSV-2 (G) BamHI L (pH2G-112, 

nucleotides 2356 to 6894) fragments, which contain the 
intact gG-1 and gG-2 genes, respectively, were used as the 
starting point for engineering the genes for compatibility 
with the transfer vectors. 

20 qQ-1 insertion into pPP-2 . pHlF-110 was digested 

with SphI to remove nucleotides 137617 to 142742 of the HSV- 
1 fragment (removing two of the three Narl sites in the 
insert), and ligated to itself. The resulting plasmid 
(pHlF-1001) was digested with Narl and religated to itself, 

25 deleting nucleotides 136285 to 136749 and a small portion of 
the vector, resulting in plHF-1002. This plasmid was 
digested with Narl and Hindlll, and the 873 bp fragment 
carrying the nearly complete gG-1 gene (nucleotides 136749 
' to 137622) was ligated to piasitaid' pPP-2, which* had # • 

30 previously been digested with Narl and Hindlll. The 

resulting plasmid (pHlF-1011) was digested with EcoRI and 



5 



Cloning qQ-1 and aG-2 int o baculovirus transfer 
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Hindlll, made blunt ended with T4 DNA polymerase , and 
ligated to pAc373 which had been digested with BamHI and 
made blunt ended by treatment with T4 DNA polymerase. A 
plasmid containing the gG-1 gene inserted in the proper 
5 orientation was designated pAc373»gG-l. 

crQ-l insertion into pAcDSM . The 871 bp fragment 
between the Narl and SphI sites of pHlF-1002 (nucleotides 
136749 to 137620) , carrying the nearly complete gG-1 gene, 
was ligated to pUC18 which had previously been digested with 

10 the same enzymes. The resulting plasmid, pSRl, was digested 
with Ndel and BamHI, obtaining a 944 bp fragment that was 
ligated to pUC 9 which had been previously digested with the 
same enzymes, resultina in pSR3 . A synthetic oligoduplex, 
SR 34^(Fig. 1A) , was ligated between the Sspl and Narl sites 

15 of pSR3. The resulting construct, plasmid pSR5, was 

successively incubated with Kpnl, T4 DNA polymerase and 
BamHI, and ligated with the vector pAcDSM which had 
previously been successively digested with PstI, T4 DNA 
polymerase and BamHI. The resulting plasmid was designated 

20 pAcDSMgG-1. 

qQ-2 insertion in pAcDSM . pH2G-112 was digested 
with BamHI and PvuII, to obtain a 3722 bp fragment which was 
purified from agarose and ligated with pUC19 which had been 
digested with BamHI and Sspl. The resulting plasmid, pDSl, 

25 was digested with PstI and Hindlll and licrated with a 

synthetic oligoduplex, D34/JFig. 1A) , to generate pDS2. The 
1316 bp fragment resulting from digesting pH2G-112 with 
Hindi was purified from agarose, and successively reacted 
with BstNI,*T4 DNA polymerase and Sty I." The" resulting 1**1 

30 bp fragment was purified from agarose then ligated to pDS2, 
which had previously been successively incubated with PstI, 
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T4 DNA polymerase, and Styl. The resulting plasmid, pDS6, 
was digested with Sspl and Xhol and ligated to an agarose- 
purified 2148 bp fragment obtained by digesting pH2G-112 
with Sspl and Xhol, The resulting plasmid, pDS7, was 
5 digested with Hindlll and Xhol. The resulting 2311 bp 

fragment (carrying the complete gG-2 gene) was ligated with 
pUC9 which had been digested with Hindlll and Sail. The 
resulting plasmid, pDS8, after successive reactions with 
Kpnl, T4 DNA polymerase and BamHI, was ligated with pAcDSM 

10 which had been successively reacted with PstI, T4 DNA 
polymerase and BamHI, to obtain pAcDSMgG-2. 

Transaction and sele ction of recombinant 
baculoviruses . Standard procedures were used for 
transfection, selection of recombinant baculoviruses, and 

15 virus titration (See for example Summers and Smith, 1987, 
supra ) . Recombinant viruses were plaque purified at least 
five times. 

Extraction of viral DMA and hybridisation analysis. 

Whole infected-cell DNA (Summers and Smith, 1987, ££&£&.), 
20 was digested to completion with Sail and resolved by 

electrophoresis in 25 cm long 0.8% agarose gels (SeaJcem, FMC 
BioProducts, Rockland, ME). Replica blots were obtained by 
blotting bidirectionally onto nitrocellulose paper (BA 85, 
Schleicher and Schuell, Keene, NH) ( Southern . J. Mol. Biol. 
25 98:503-517, 1975)#. Prehybridization was for 4 hours in 200 
/ig/ml heparin (Sigma, St. Louis, MO), 5x SSC (lx SSC: 0.15 M 
NaCl, 0.015 M sodium citrate) and 0.1% SDS at 65 °C. 
Hybridization was in fresh buffer using probes labeled with 
[ 3i P] by nick translation. ' After washing the blots at room 
30 temperature ( 22-24 °C) , they were incubated for one hour in 
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0.2x SSC plus 0.1% SDS at 65°C, then air dried prior to 
autoradiography . 

Protein analysis bv Inununoblotg. Sf9 cells 
were grown in either Hink's medium supplemented with 10% 
5 fetal calf serum according to Summers and Smith 1987, supra . 
or in serum free medium (EX-CELL 400 , J.R. Scientific, 
Woodland, CA) and infected with recombinant or wild-type 
baculoviruses at multiplicity of infection of 10 PFU/cell in 
25 cm 2 flasks at 27 °C. After 1.5 hours, the inoculum was 

10 removed and replaced with fresh medium. At the appropriate 
times post-infection, the cells were scraped from the flask 
and harvested by centrifugation for 10 minutes at 1500 x g 
and 4°C. The pellet was resuspended in disruption buffer 
(5.7 M urea, 2.8% SDS, and 1.8 M 2-mercaptoethanol) , 

15 sonicated for 30 seconds (output control 4, duty cycle 50%) 
in a cup horn sonicator (Model W-375, Heat Systems- 
Ultrasonic, Inc., Farmingdale, NY), and heated for 3 minutes 
at 95 °C. Proteins were separated by electrophoresis in 
polyacrylamide gels (acrylamide to bis-acrylamide ratio of 

20 37.5:1), and then electrically transferred onto 

nitrocellulose paper (Schleicher and Schuell BA85) using 
0.1% SDS in the transfer buffer. Blots were incubated for 1 
hour in blotto (5% skim milk, phosphate-buffered saline 0.01 
M [pH 7.4], 0.05% Tween 20), then incubated for 1 hour in 

25 fresh blotto containing the appropriate dilution of either 

human serum or monoclonal antibody. After three 10 min. 

washes in 0.05% Tween 20 in phosphate-buffered saline, blots 

were incubated with alkaline-phosphatase-conjugated-goat- 
** • • . . * • * * * * 

anti-human or alkaline-phosphatase-conjugated-goat-anti- 

30 mouse IgG (BioRad, Rockville Centre, NY) in 0.05% Tween 20 

in phosphate-buffered saline for 2 hours, washed 3 times for 
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10 minutes with the same buffer, and developed with p-nitro 
blue tetrazolium chloride and 5-bromo-4-chloro-3-indoyl 
phosphate p-toluidine salt (BioRad) according to the 
vendor • s protocol . 
5 Results 

Vector construction . Two gene transfer vectors were 
constructed, pPP-2, which incorporates the nucleotides -7 to 
-1 of the 5 f nontranslated leader sequence of the polyhedrin 
gene missing in the widely used transfer vector pAc373 

10 ( Smith et al . 1985 , supra ) . but which results in recombinant 
baculoviruses containing at least 21 extraneous nucleotides 
in this region, and pAcDSM, which allows the construction of 
recombinant baculoviruses with the 5 1 nontranslated leader 
sequence of the polyhedrin gene joined precisely to the 

15 coding region of the foreign gene at the translation 

initiation codon, with no missing or extraneous nucleotides. 

pPP-2 . pPP-2 was useful particularly for the 
expression of gG-1, but has several features which allow it 
to be used in a more general manner for the construction of 

20 gene cassettes for insertion into baculovirus gene transfer 
vectors such as pAc373 and pAc610 which were designed for 
linking foreign genes to the polyhedrin gene via their 5 1 
nontranslated sequences, pPP-2 restores sequences 
immediately preceding the polyhedrin translation initiation 

25 site which are missing in these vectors, but have been shown 
to be of great importance in controlling translation 
efficiency in many eucaryotic systems (Kozak, Nucleic Acids 
Res/ 9:5233-5252, 1981), including baculovirus ( Matsuura et 
al . J. Gen. Virol. 68 : 1233-1250, 1987). pPP-2 is a plasmid 

30 carrying a sequence composed of, in order, nucleotides -7 to 
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-1 of the 5' nontranslated leader sequence of the polyhedrin 
gene, an extra A residue, an initiation codon, the first 
twelve nucleotides of the gG-1 gene which includes a Narl 
site, and an additional Kpnl/Asp718 site which is not 
5 present in the gG-1 gene, all three restriction endonuclease 
sites being unique in this vector. 

There are several ways to fuse genes to this vector. 
In addition to the obvious fusion of Narl cohesive ends to 
Narl, etc., with attention being given to reading frame 

10 considerations, it is possible to construct gene fusions in 
any of the three reading frames using blunt end ligations at 
the appropriate site. In order to obtain a fusion at the 
first nucleotide of a reading frame, the vector would be 
digested with Narl, made blunt ended by a fill-in reaction, 

15 then ligated with the blunt ended foreign gene. Similarly, 
fusions with the second and third nucleotides of a reading 
frame may be obtained following removal of the 3 • overhang 
resulting from digestion with Kpnl or filling in the 5 f 
overhang resulting from Asp718 digestion, respectively. 

20 From 4 to 7 amino acids derived from the N-terminus of gG-1 
and synthetic oligomer sequences would be fused to the 
target gene using this vector. The fused gene is then 
removed from the vector by digestion at the flanking EcoRI 
and Hindlll sites and inserted into the baculovirus gene 

25 transfer vector at the desired site, using blunt ends if 
necessary. 

pAcDBM . pAcDSM was designed to allow the insertion 
of foreign genes into baculoviruses in a form which 
precisely mimics the bafculovirus polyhedrin transcriptional 
30 and translational control environment. The construction of 
pAcDSM has been described in detail above. The vector was 
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modified from pAc373, by replacing the region from 
nucleotide -9 of the 5' nontranslated leader sequence of the 
polyhedrin gene to nucleotide +635, (a unl^e^ I^nl ^sj. ) in 
the polyhedrin coding region with a synthetic oligomer (V78,^ 
5 Fig. 1A) whicn utilizes the existing C from position -9 to 
complete a PstI site, followed by Sad, Smal, BamHI, and 
Xbal sites, and the nucleotides necessary for regeneration 
of the Kpnl site. All of these restriction endonuclease 
recognition sites are unique in the vector. 

10 In order to use pAcDSM, it is digested with PstI, 

treated with T4 DNA polymerase to trim the 3 1 overhanging 
nucleotides to a blunt ended C at position -9 of the 
polyhedrin 5 1 no^ranalaLted pleader sequence, then digested 
at another restriction site in the polylinker using an 

15 enzyme which generates a cohesive terminus, f or 

efficient directional insertion of a foreign gene (Fig. IB)^ 
The foreign gene is modified for compatibility with the 
vector by assembling a segment of DNA containing, from 5* to 
3 1 , the nucleotides -8 to -1 of the 5 1 nontranslated leader 

20 sequence of the polvhfcdrin gene, the translation initiation 
codon^ the coding region of the foreign gene, the downstream 
region through the polyadenylation signal, and a unique 
restriction site compatible with one in the transfer 
vector's polylinker (Fig. IB). Segments of DNA containing 

25 these features can be constructed by using standard cloning 
techniques and synthetic oligonucleotides as was done here, 
or by total synthesis using long synthetic oligonucleotides, 
or by using the polymerase chain reaction with appropriately 
tailed primers. The * insertion of gG-1 and gG-2 into this 

30 vector has been described above. When the modified segment 
of DNA is inserted into pAcDSM prepared as described above, 
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the C in position -9 of the polyhedrin 5 1 nontranslated 
leader sequence is linked to the first nucleotide of the 
modified gene (C in position -8) , regenerating the 5 1 leader 
sequence of the polyhedrin gene. 
5 Construction of r ecombinant baculoviruses expressing 

qq-1 and qQ-2 . In order to compare the performance of the 
vectors described above, two recombinant baculoviruses 
expressing gG-1 were created, Ac373'gG-l using pPP-2 in 
conjunction with pAc373, and AcDSMgG-1 using pAcDSM. Both 
10 recombinant baculoviruses differ from wild type AcNPV in the 
substitution of the gG-1 coding and 3' flanking regions for 
a portion of the polyhedrin coding region. In addition to 
these differences. Ac373'gG-l differs from wild type virus 
in the 5 1 nontranslated sequence of the polyhedrin gene by 
£u 15 the presence of 21 extraneous nucleotide^ whereas xn 
Ay . AcDSMgG-1 the nucleotide sequence 5 1 to^the_^translation 

initiation codon is identical to that of wild type AcNP\Ju 
(Fig. 1C) . 

A recombinant baculovirus expressing gG-2, AcDSMgG- 
20 2, was created using the transfer vector pAcDSM. As with 

AcDSMgG-1, AcDSMgG-2 differs from wild-type baculovirus only 
in the replacement of a portion of the polyhedrin coding 
sequence with that of the gG-2 coding region, and in the 3 1 
flanking region. 
25 southern blot analysis . To determine whether the 

recombinant viruses contained the expected insertions, DNA 
extracted from recombinant virus infected cells was compared 
with DNA of transfer vector plasmids and wild type AcNPV. 
DNAs were digested to completion with Sail, resolved by 
30 electrophoresis in agarose and blotted onto nitrocellulose. 
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Replica blots were hybridized with pAc373 and with a probe 
specific for either the gG-1 or gG-2 genes. 

In the transfer vector pAc373'gG-l and in the 
recombinant baculovirus Ac373 , gG-l, the Sail fragment 
5 containing the gG-1 gene is approximately 3.8 kbp in length, 
(arrow, Fig. 2A, lanes 2 and 3), and 1.8 kbp in pAcDSMgG-1 
as well as in AcDSMgG-1 (arrow, Fig. 2B, lanes 2 and 3) . 
Other bands seen in the hybridization with pAc373 correspond 
to flanking regions contained in the transfer vector (empty 

10 triangles, Fig. 2A and 2B) as well as the fragment 

containing the polyhedrin gene in AcNPV (full triangle, Fig. 
2A and 2B) . In AcDSMgG-1 an additional 1.6 kbp fragment is 
seen, in the hybridization with pAc373, which corresponds to 
the flanking region immediately downstream from gG-1 gene, 

15 due to an additional Sail site (Fig. 2B, lanes 2 and 3) . 

In the recombinant baculovirus and transfer vector 
carrying the gG-2 gene, bands containing the gG-2 gene 
appear at approximately 2.8 and 1.9 kbp (arrows in Fig. 2C; 
a 135 bp fragment is not visible here) • The flanking region 

20 and polyhedrin gene bands are as described above for 
Ac373 , gG-l. 

For all three recombinants the observed 
hybridization patterns correspond to the ones expected for 
the intended insertions onto the AcNPV polyhedrin gene. 

25 Synthesis and processing of baculovirus expressed 

gG-1 . A 25 cm 2 flask of confluent Sf9 cells was divided 
into two flasks, grown overnight, and infected with 10 
PFU/cell of either Ac373 , gG-l or AcDSMgG-1. Proteins 
extracted from equal numbers of recombinant infected cells 

30 harvested at 100 hours post infection (h p.i.), were 
separated by SDS-PAGE, in parallel with proteins also 
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extracted at 100 h p.i. from AcNPV- infected and uninfected 
cells. After electrophoretic transfer of the separated 
proteins onto nitrocellulose membranes, they were reacted 
with either a human serum specimen which had been identified 
5 as HSV-1 positive and HSV-2 negative using an HSV-type 

specific I HA test (Bernstein and Stewart, Appl. Microbiol. 
21:680-684, 1971), or a monoclonal antibody specific for gG- 
1 (H1379) (Fig. 3 A) . None of the antibodies reacted with 
proteins in the lanes containing proteins from AcNPV- 

10 infected or uninfected cells, except for a weak reaction 

between some human serum specimens and polyhedrin in AcNPV- 
infected cells. The pattern of reactivity with both 
antibodies was identical in the lanes containing the gG-1- 
recombinant-infected-cell extracts (lanes Ac373 , gG-l and 

15 AcDSMgG-1) • The major reacting bands appeared at 37 and 42 
kDa apparent molecular mass (37K and 42K) within a region of 
diffuse reactivity between 36 and 48 kDa apparent molecular 
mass; weaker bands appeared at 33, 77, 87 and near 200 kDa 
apparent molecular mass (33K, 77K, 87K, and 200K) . 

20 The expression of the recombinant gG-ls differed in 

two respects: (i) In extracts of Sf9 cells infected with 
AcDSMgG-1, 42K reacted more than did 37K. In extracts of 
Sf9 cells infected with Ac373 f gG-l the opposite was true, 
with 42K being very faint (Fig. 3A) . (ii) The intensity of 

25 the reaction with both antibodies was higher in extracts of 
cells infected with AcDSMgG-1 than with Ac373 f gG-l (Fig. 
3A) . 

For quantitative comparison of the relative level of 
• ■ • • • » 

expression between the recombinants expressing gG-1, 4- 

30 fold-serial dilutions were made of equal portions of 

identically prepared extracts of Sf9 cells infected at 10 
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PFU/cell with either Ac373'gG-l or AcDSMgG-1 and harvested 
at 100 h.p.i. Extracted proteins bound to a nitrocellulose 
membrane using a slot-blot apparatus were reacted with gG- 
1-specif ic-monoclonal antibody (H1379) and the intensity of 
5 their reactions compared. This eliminated difficulties 
inherent in quantifying multiple diffuse bands in 
electropherograms. The intensity of the reaction was about 
4-fold greater in extracts from cells infected with AcDSMgG- 
1 than with Ac373»gG-l (Fig. 3B) . A similar result was 

10 obtained in a separate experiment using extracts of cells 

harvested at 72 h p.i. (data not shown). Thus more gG-1 was 
expressed from the construct which mimicked the AcNPV 
polyhedrin 5 1 nontranslated leader sequence (AcDSMgG-1) than 
from the construct which contained 21 extraneous nucleotides 

15 in this region (Ac373 f gG-l) . 

To determine whether the different levels of gG-1 
production and the different ratios of intensity between the 
two major gG-1 bands seen in comparisons of the two 
recombinants varied with time after infection, equal numbers 

20 of Sf9 cells infected in parallel with 10 PFU/cell of either 
Ac373 , gG-l or AcDSMgG-1 were harvested at 24 , 36, 48, 72 and 
96 h p.i. After separation of the proteins by SDS-PAGE and 
transferring them to nitrocellulose, gG-1 was visualized 
using a HSV-l-positive-human serum specimen (Fig. 3C) . The 

25 major gG-1 bands (37K and 42K) were first detected at 36 h 

p.i. At all time points more gG-1 was detected in the lanes 
containing extracts from cells infected with AcDSMgG-1 (Fig. 
3C, lanes b) • The maximum expression with both recombinants 
occurred at about 72 h p.i. As was previously seen at 100 h 

30 p.i., at all time points 42K was more abundant than 37K in 
AcDSMgG-1- infected cells (lanes b) , while in Ac373 , gG-l- 
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infected cells (lanes a), 37K was more abundant than 42K. 
This indicates that the differences in processing of gG-1 
may be due to differences between the transfer vectors. 

Treatment of AcDSMgG-1 infected Sf9 cells with 
5 tunicamycin, an inhibitor of a precursor necessary for N- 
linked glycosylation (Hemming, Bios. Rep. 2:203-221, 1982), 
resulted in a great reduction in the intensity of all the 
bands over*^7^epa apparent molecular mass, most prominently 
42 K, and an increase , in the intensity of an otherwise very 
10 faint species of 36 kDA apparent molecular mass. The 
abundant 37K is of similar intensity i£ infected cells 
cultured either in the presence or absence of t^igamycine 
(Fig. 3D) . 

Without being bound to any specific theory, the 

15 biosynthesis of gG-1 in baculovirus-inf ected Sf9 cells which 
accounts for these results, may be explained as follows. 
37K is insensitive to tunicamycin and is likely to be the 
primary nonglycosylated translation product with its signal 
peptide uncleaved indicating that it was not translocated to 

20 the lumen of the rough endoplasmic reticulum. 36K is most 
abundant during growth in the presence of tunicamycin and 
would be the nonglycosylated translation product without its 
signal peptide. The broad band produced by 42K which is 
sensitive to tunicamycin would be the translation product 

25 after having its signal peptide removed and being N-linked 
glycosylated. 77K, 87K, and 200K are likely to be products 
of further processing. In heavily loaded gels 77K and 87K 
were replaced by species of 74kDa and 83kDa apparent 
molecular mass (data not shown) , indicating that the 

30 generation of the very high molecular weight gG-1 containing 
molecules is not dependent on N-linked glycosylation (data 
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not shown) . The low abundance 33K species is likely to be 
the result of proteolytic degradation. 

To compare baculovirus and HSV-1 expressed gG-1, 
extracts from HSV-1 (F) -inf ected-HEp-2 cells and AcDSMgG-1- 
5 infected-Sf9 cells were separated by SDS-PAGE, transferred 
onto nitrocellulose and reacted with gG-l-specif ic 
monoclonal antibody. Major bands with apparent molecular 
masses of 42 and 43 kDa (42K and 4 3K) and a smear between 50 
and 57 kDa apparent molecular mass were found in extracts of 

10 HEp-2 cells infected with HSV-1 (F) (Fig. 3E) . In heavily 

loaded gels the smear extended to 66 kDa apparent molecular 
mass (not shown) . As also seen in Fig. 3A, strongly 
reactive 37K and 42K species within a region of diffuse 
reactivity between 36 and 48 kDa apparent molecular mass 

15 were detected in Sf9 cells infected with AcDSMgG-1; weaker 
reactions were observed with 33K, 77K, 87K, and 200K. 

synthesis and processin g of baculovirus expressed 
qQ-2 . Extracts of Sf9 cells infected with 10 PFU/cell of 
AcDSMgG-2 harvested at 100 h p.i. were separated by SDS- 

20 PAGE in parallel with extracts of AcNPV- infected and 

uninfected cells. The separated proteins were transferred 
onto nitrocellulose membranes. Replicas of this set were 
reacted with either a HSV-2-positive- and HSV-l-negative- 
human serum specimen, or with a gG-2 -specific monoclonal 

25 antibody (H1206) (Fig. 4A) . In lanes containing extracts 

from AcDSMgG-2 infected cells, both antibodies reacted with 
bands with apparent molecular masses of 107, 118, 128, and 
143 kDa (107K, 118K, 128K, and 143K) . The human serum 
specimen reacted most strongly with 128K,* and the monoclonal 

30 antibody with 118K. This difference in reactivity between 

the human serum and the monoclonal antibody is not a general 
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phenomenon, inasmuch as other human serum specimens reacted 
most strongly with 118K (data not shown) . 

To monitor expression of gG-2 in recombinant 
baculovirus infected cells, Sf9 cells infected with AcDSMgG- 
5 2 at 10 PFU/cell were harvested at 24 , 36 , 48 , 72 and 96 h 
p.i. Infected cell proteins were separated by PAGE, 
transferred onto nitrocellulose membranes, and reacted with 
a gG-2-specif ic monoclonal antibody (Fig. 4B) . Only one 
band (118K, empty triangle) was detected at the earliest 

10 time point examined (24 h.p.i.). By 36 h p.i. it had 

increased in intensity and two faint bands appeared (107K 
and 128K, full triangles). From 48 h p.i. onward the four 
bands (107K, 118K, 128K, and 143K) previously seen at 100 h 
p.i. (Fig. 4A) were visible, with the maximum accumulation 

15 of protein occurring at 72 h p.i. A weakly reactive protein 
with an apparent molecular mass of 34 kDa (34K, arrow) whose 
relative abundance varies from preparation to preparation 
was first detected at 36 h p.i. 

In the electrophoretic pattern of extracts of Sf9 

20 cells infected with AcDSMgG-2 treated with tunicamycin, 

bands migrating with apparent molecular masses of 105, 110 
and 120 kDa (105K, 110K, and 120K) were present compared 
with the untreated cell species 107K, 118K, 128K and 143K 
(Fig. 5C) . In overloaded SDS-PAGE gels, a band migrating 

25 with an apparent molecular mass of 30 kDa was present in 

contrast with the 34K species seen in untreated cells (data 
not shown) . 

Without being bound to any specific theory, the 
biosynthesis of gG-2 in baculovirus-inf ected Sf9 cells, 
30 which accounts for these results, may be explained as 
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follows. 107K is the primary translation product including 
the signal peptide. This is based on two observations, 
(i) It is synthesized in the absence of tunicamycin. (ii) 
Since no species migrating faster than 105K were detected in 
5 cells infected in the presence of tunicamycin, 107K is 

inferred not to be N-linked glycosylated, therefore likely 
to be unaffected by tunicamycin treatment, and is probably 
obscured by the other species in the gel. 105K is the 
primary translation product after cleavage of its signal 

10 peptide based on its increase in abundance in the presence 
of tunicamycin. The tunicamycin-sensitive 118K is the 
cleaved primary translation product after N-linked 
glycosylation. 128K and 143K, and 110K and 120K, 
synthesized in the absence or presence, respectively, of 

15 tunicamycin are possibly the products of 0-linked 

glycosylation. The tunicamycin sensitive 34K which was 
found in some preparations is likely to be the result of a 
specific cleavage or proteolytic degradation. 

To compare baculovirus and HSV-2 expressed gG-2, 

20 extracts from HSV-2 (G) -inf ected-HEp-2 cells and AcDSMgG-2- 
infected-Sf9 cells were reacted with a gG-2 -specif ic 
monoclonal antibody after separation by SDS-PAGE and 
transfer to nitrocellulose (Fig. 4D) . In the lane 
containing extracts from HEp-2 cells infected with HSV- 

25 2(G), a smear of reactivity was seen ranging from an 
apparent molecular mass of 78 through 118 kDa with 
distinctive species at 78, 107 and 118 kDa apparent 
molecular mass. In the electrophoretic pattern of proteins 
extracted from Sf9 cells infected with AcDSMgG-2, the 107K, 

30 118K, 12 8K and 14 3K species were detected. 
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HSV-tvpe soeolf ioitv of the re action of human peru* 
specimens vlth the baculov irua expressed proteins* Proteins 
in extracts of Sf9 cells expressing the recombinant gG-1 or 
gG-2 were separated by SDS-polyacrylamide gel 
5 electrophoresis, transferred onto nitrocellulose, and 

reacted with ten different human serum specimens previously 
characterized by using HSV-type specific indirect 
hemagglutination assays (IHA) (Bernstein and Stewart, 
supra ) . The patterns obtained with three of these ten 

10 specimens are shown in Fig. 5. Using the gG-1 37K and 42K 
species, and the gG-2 118K species, plus either or both of 
the 128K and 143K species, as markers of HSV-1 and HSV-2 
type specific reaction, respectively, a serum specimen 
positive for HSV-1 and negative for HSV-2 by IHA, and a 

15 serum specimen positive for HSV-2 and negative for HSV-1 by 
IHA, each reacted in a type-specific manner in the 
immunoblot assay (Fig. 5A and B, respectively) . A serum 
specimen weakly positive for both types of antibodies by IHA 
reacted with the gG-1 specific 37K and 42K species (empty 

20 triangles) in the lane of the recombinant gG-1, and reacted 
weakly but clearly with the gG-2 118K and 128K species (full 
triangles) in the lane containing recombinant gG-2 (Fig. 
5C) . The other serum specimens tested also reacted in a 
type-specific manner with the recombinant gG-1 and gG-2 in 

25 agreement with the IHA results (data not shown) . 

Various patterns of weak reactivity were seen 
between human serum specimens and extracts of wild type 
baculovirus infected Sf9 cells as well as uninfected cells. 
The faint bands seen at 36 kDa apparent molecular mass in 

30 the gG-2 lanes of Fig. 5, as well as the bands seen at 170 
kDa apparent molecular mass in Fig. 5C, are examples of 
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these reactions. However, in no case was the reactivity of 
such an extent or nature so as to lead to ambiguity in 
interpretation. 

Advantages of the baculo virus gene expression 
5 system . To determine whether higher levels of gene 

expression in the baculovirus system would be obtained from 
constructs which mimic the control sequences of the highly 
expressed polyhedrin gene, as noted above two gene transfer 
vector systems were used to express gG-1: one which 

10 precisely mimics the wild type baculovirus transcriptional 
and translational control environment, and one which 
contains 21 extraneous nucleotides in the 5* nontranslated 
leader sequence (Fig. 1C) . Four-fold greater expression was 
observed from the construct which perfectly mimics the wild 

15 type virus control regions. The availability of the pAcDSM 
transfer vector will allow careful dissection of the 
environment in the vicinity of the translation initiation 
codon through the construction of viruses with precise 
sequence modifications in this region. 

20 Unexpectedly, in addition to the difference in the 

level of expression between the two gG-1 expressing 
recombinants, a significant difference was observed in the 
ratio of nonglycosylated precursor (37K, vide infra ) to 
glycosylated product (42K) , with gG-1 expressed from 

25 AcDSMgG-1 being the most efficiently processed. Inasmuch as 
the gG-1 coding sequence was not altered during the 
construction of the recombinants, these results indicate a 
noticeable effect on gG-1 processing by the structure of its 
mRNA. Without being bound to any particular hypothesis, it 

30 is postulated that the 21 extraneous nucleotides in the 5' 
nontranslated leader sequence of the mRNA of the less 
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efficiently processed protein interfere with the interaction 
of signal recognition particle with the nascent polypeptide 
chain, ultimately resulting not in the translational complex 
being translocated to the endoplasmic reticulum for membrane 
5 insertion and glycosylation, but in nonmembrane associated 
translation resulting in cytoplasmic accumulation of 
unprocessed cytoplasmic full length precursor gG-1. 

It is further found that the biosynthesis of gG-1 in 
baculovirus infected insect cells differs in several 

10 respects from its synthesis in mammalian cells infected with 
HSV-1 or gG-l-expressing vaccinia virus recombinants. In 
infections with HSV-1, tunicamycin-insensitive products of 
39 and 44 to 48 kDa f Ackermann et al . Virology 150:207-220, 
1986; Frame et aL J. Gen. Virol. 67:745-751, 1986; Richman, 

15 J. Virology 57: 647-655, 1986) apparent molecular mass have 
been observed. The 44 to 48 kDa species undergoes 
processing to a highly glycosylated tunicamycin-sensitive 
product which migrates as a diffuse band with an apparent 
molecular mass of 59 to 68 kDa ( Ackermann et al . Virology 

20 150:207-220, 1986; Frame et al . J. Gen. Virol. 67:745-751, 
1986; Richman et al , J. Virology 57:647-655, 1986). In a 
direct comparison of baculovirus and HSV-1 expressed gG-1 
(Fig. 3E) , products were observed with apparent molecular 
masses of 42 and 4 3 kDa in HSV-1 infected cells which 

25 comigrated with 42K. It is possible that the 42 and 4 3 kDa 
species found in HSV-1 infected cells correspond to the 44 
to 48 kDa species reported by others using the same strain 
of virus (strain F) and the same monoclonal antibody 
(H1379) . The relationship between these products and the 

30 closely migrating products found in the baculovirus infected 
cells is not clear, however, inasmuch as the baculovirus 
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protein is tunicamycin sensitive and thus glycosylated, as 
is a product of similar size found in cells infected with a 
vaccinia virus/gG-1 recombinant, while the HSV-1 product is 
poorly labeled with glucosamine. In addition, a similarly 
5 sized product is synthesized in the presence of tunicamycin 
in HSV-1 strain HFEM-inf ected cells. No high molecular mass 
products similar to 77K, 87K, 200K have been found in HSV- 
inf ected cells. 

Biosynthesis of gO-2. As with gG-1, there were 

10 significant differences between the biosynthesis of gG-2 in 
baculovirus infected insect cells and in HSV-1 infected 
mammalian cells. In both baculovirus and HSV-2 infected 
cells, a tunicamycin-sensitive product of 118 kDa apparent 
molecular mass is synthesized. In baculovirus infected 

15 cells it appears that this product is processed further into 
higher molecular mass forms , but in HSV-2 infected cells 
this product is cleaved to generate 31K fSu et al. J. Virol. 
61:1735-1737, 1987) and 74K (Balchandran and Hutt-Fletcher, 
J. Virol. 54:825-832, 1985) fragments. 74K is subsequently 

20 0-linked glycosylated yielding 105K (Balachandran and Hutt- 
Fletcher, 1985). 31K is further glycosylated to 34K, which 
is efficiently secreted from infected cells fSu et al. 
1987) . The 34K species in baculovirus-inf ected cells 
differs from the similarly sized product in HSV-2 infected 

25 cells in that the baculovirus product is found 
intracellular^ and the HSV-2 product is found 
extracellular ly. 

Several differences in the synthesis and processing 
of gG-1 and gG-2 relative to that observed here and by 

30 others during infections with HSV reflect differences in 

protein processing mechanisms between insect and mammalian 
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cells. In spite of these differences, the recombinant 
proteins are efficiently recognized in a HSV type specific 
manner by human serum specimens. The retention of the type 
specificity of their natural counterparts, the reduced 
5 biohazard during large-scale production, and the ability to 
produce large amounts of antigen efficiently now make 
accurate, simple and reliable HSV-type specific serologic 
tests widely available. 

Substantially pure, type-specific antigens (gG-1 and 

10 gG-2) of the present invention are obtained by isolating and 
purifying these antigens from other cellular products or 
components by conventional isolation and purification 
techniques well known to one of ordinary skill in the art. 
Type-specific serologic tests are performed by 

15 reacting a sample of the biological fluid (such as blood, 

serum, plasma, etc.) obtained from a person suspected of HSV 
infection, with gG-1 and gG-2 antigens of the present 
invention and determining the resultant formation of 
immunocomplex, the formation of immunocomplex with gG-1 

20 being indicative of HSV-type 1 infection and the formation 
of immunocomplex with gG-2 being indicative of HSV-type 2 
infection. Crossreactivity between gG-1 and gG-2 has not 
been detected in human serum specimens. 

A diagnostic kit for the detection of type-specific 

25 HSV infection, comprises at least separate non-cellular 

(artificial) containers separately containing the gG-1 and 
gG-2 antigens of the present invention in substantially pure 
form and instructional material to perform the diagnostic 
test. The kit may also include other conventional items 

30 such as microtiter plates, micropipettes and the like which 
are commonly found in such kits. 
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The type-specific antigens of the present invention 
are also useful in a composition which comprises an 
immunoreactive amount of the gG-1 and gG-2 antigens of the 
present invention in a pharmaceutical ly acceptable carrier • 
5 Given the substantially pure antigens gG-1 and gG-2 

of the present invention, monoclonal antibodies (MAbs) of 
particular specificity are made by standard techniques well 
known to one of ordinary skill in the art (Yelton & Scharff , 
Ann, Rev. Biochem. 50:657-680, 1981). Such monoclonal 

10 antibodies are useful in identifying the presence of HSV or 
HSV-antigens of particular types. A kit comprising separate 
containers containing the type-specific MAbs are useful in 
detecting the presence of HSV or HSV antigens in a 
biological sample. 

15 Of course, having illustrated the efficient, high 

level expression of two heterologous proteins (gG-1 and gG- 
2) by the recombinant baculoviruses of the present 
invention, expression of other foreign proteins is similarly 
achieved by the methodologies described herein as will be 

20 suggested to one of ordinary skill in the art. 

It is understood that the examples and embodiments 
described herein are for illustrative purposes only and that 
various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be 

25 included within the spirit and purview of this application 
and scope of the appended claims. 




